AD=AQ97 526 FRANK J SEILER RESEARCH LAB UNITED STATES AIR FORCE A--ETC F/6 5/9
EFFECTS OF CRITERIA ON FLIGHT SIMULATION. STUDY II, MULTIPLE CR=-=ETC(U}
DEC 80 M NATAUPSKY:. T M MCCLOYs, J M BERMUDEZ

UNCLASSIFIED FJSRL=-TR=80~0020

fllll!lllllll |
REEEEE |




-
“

[
- o
e——
 ———
——
e —
e —

1
———— -
— b

TR FE
I32 )
il

12 {20
=
|8
_—

22 Ml nie

MICROCOPY RESOLUTION 1EST CHART

NATCINA, felike 5

ANL Ak ok




FRANK J. SEILER RESEARCH LABORATORY

Y
FJSRL TECVICAL REPORT £-0020 @ S
DECEMEER 1960 !

FFFECTS OF CRITERIA ON FLIGHT SIMNLATION:
STUY 11 - MLTIPLE CRITERIA

©
o I
U
e
Q
=R

Marx Nataupsky, M, USAF
Tiowas M, McCuov, Mau, USAF
Jown M, Berunez

VALENTIN W, Tirman, Lt CoL, USAF

DT'C APPROVED FOR PUBLIC RELEASE;
ﬁ;;fflin

A

AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE

814 6 032 |




PISKL~-TR-80-0020 i

‘
1

This document was prepared by the Department of Behavioral Scieaces
and Leadership under sponsorship by the Prank J. Seiler Research Labors-
tory, United States Air Force Academy, Colorado. The ressarch was
conducted under Project Work Unit Number 2303-Fl-54: Effects of Criteria
on Flight Simulation: Study II - Multiple Criteria., Major Mark Mataupsky
was the Project Scientist in charge of the work,

Vhen U.S, Government drawvings, specifications, or other data are
used for any purpose other than a definitely related Government procurement
operation, the Government thereby incurs no responsibility nor any
obligation whatsoever, and the fact that the Government may have formulated,
furnished or in any way supplied the said drawings, specifications or d
other data is not to be regarded by implication or otherwise, as in any
manner licensing the holder or any other person or corporation or conveying
any rights or permission to manufacture, use or sell any patented invemtion
that may in any way be related thereto.

Inquiries concerning the technical content of this document should
be addressed to the Department of Behavioral Sciences and Leadership
(Major Mark Nataupsky, DFBL, USAF Academy, Colorado 80840, Phone (303)472-
4174),

This report has been reviewed by the commander and is releasable to
the National Technical Information Service (NTIS), At NTIS it will be
available to the general public, including foreign nations,

This technical report has been reviewed and is approved for publication,

V , 4 /. -'
/'. = ‘v / ' - ,4./, - ,4,,’4/.,, /

ARK NATAUPSKY, . USAR KENNETH E. SIEGENTHA®WIG.Lt Col, USAF
Project Scientist Director

Directorate of Chemical Sciences

WL Ll Bliaand

WILLIAM D. SIURU, JR., Lt Col J USAF JOCK C. H. SCHWANK, Lt Col, USAF
Commander / Deputy Head

Department of Behavioral Sciences

and Leadership .
Copies of this report should not be returned unless return is required by
security considerations, contractual obligations, or notice on a specific ¢
document,

Printed in the United States of America. Qualified requestors may obtain
sdditional copies from the Defense Documentation Center. All others should
apply to: .

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22162

. ‘

wrewdilile— mew —— - —




UNCLASSIFIED ‘

STY CLASSIFICATION OF THIS PAGE (When Dets Entered) ‘
REPORT DOCUMENTATION PAGE mgﬁnm:w ;

NS LTI AT L . GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER | ’

FJSRL- TR-80-0820' AQY

P (and Subtitie) 8.

g"”@ fere
j .

Effects of Criteria on Flight Simulation:
Study I1I,< Multiple Criteria, .

7, - y { F kadwy) [ A O ANT N ®)
Thoans M./McCloy) (USAF Academy)

John M./Bermudez \(E. Oklahoma State Univ)

Tirunn USAF Academy)

. O ADDRESS . ::22..“ csggq'f. ROJ & . v
Departnent of Bchavioral Sciences & Leadership
USAF Academy, CO 80840 61102

11. CONTROLLING OFFICE NAME AND ADDRESS .| 12_REPORY DATE —
/| / 1~_Decembuom 1989 |
Frank J. Seiler Research Laboratory (AFSC)

USAF Acadﬂ, CO 80840
MONITORING AGENCY NAME & ADDRESS(i! different from Con"ollhl. Oftice) 18. SECURITY CLASS. (of this report)
{ |é{)’§g ( Unclassified

[ 15a. DECLASSIFICATION/ DOWNGRADING
SCHEDULE
— ——ee
16. DISTRIBUTION STATEMENT (of thia Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the sbstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. XEY WORDS (Continue on reverse side if y and identify by block number)
Flight Simulation Training
Psychomotor

7r1terion
\

[SOJABSTRACT (Continue on reverse side if necessary and identity by block number)

Recent studies have shown that criterion levels established in training
directly affect later performance of subjects on experimental tasks.
Approximately 20% of variance can be explained by these criteria. The
purpose of this study was to determine 1f a similar relationship can be
found in transfer of training situations. Twenty male Air Force Academy
cadets were trained to one of two multiple criteria levels on a difficult

f1ight maneuver in a GAT-1 simulator.
a more difficult criterion set.

These two sets consisted of holding pre-

There was an easy criterion set and

E0ITION OF 1 HOV 88 1S OBSOLETE

wil“”'m

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PASE




F
TY PICATION OF TS PAGE(Wen Dot Bntored)

scribed performance parameters in heading, vertical velocity, and altitude.
After achieving their assigned criterion, all cadets in each of the two
groups were then tested on the same task in a GAT-1 simulator, but this

time the maneuver had to be performed under turbulent wind conditions.

This wind condition served as the transfer task. Half of the cadets in

each group had the same criterion in both the training and the transfer

task. The other cadets had different criteria in the training and transfer
tasks., Thus there were four experimental groups: easy-easy, easy-difficult,
diffidﬂtﬁ-easy. difficult-difficult. One control group had the easy criterion
while the other control group had the difficult criterion. There were five
cadets in each control group. The dependent measure was the Transfer Effectivef
ness Ratio (TER), derived from trials of this criterion data. This index is an
estimate of the amount of time saved in learning a transfer task when perform-
ance is adjusted to that of a control group. Several analyses of various

tasks of derived scores yielded significant results, confiming that criterion
levels established in training carry over to transfer of training situations.
Moreover, the data showed consistency with previous studies in accounting for
20% or more of the variance.

UNCLASSIFIED

SECURITY CLASSIFICATION OF Tut® PAGE(When Dete Bntered)




PREFACE

The authors would like to express their appreciation to Capt,
William G, Buchta, Lt., Craig M. Seeber, and Lt, James J, Colabufo,

' who also participated in this study., SSgt Ken D, Fortemberry and
TSgt Frank C, Derry provided the technical support to maintain the
simulator in an operational status., Mrs, Helen Wilson provided typing
and administrative support.

December 1980

Accession For

nm ~  GRA&L
* TAB 0
1 qguneed M

RN if‘.caﬂt-r. -—

v a -
e ——

——— e t—————
espitutiom/ o
'Avntlabiltty CQAQS___‘
o L.l anlyer
st | p - tal

1

[}




TASLE OF CONTENTS

Immt“.....'.......Ql...........l.................‘.l....

mw....................'.....I’.O..'........l.....'.......'.

ij.ct..................O....'.....'.....................
””t‘tu.......'....'.I....l........0.....!..........0.'..
Pru““r.‘..........l.....l......I..O............l........
D‘t‘ collectim...................‘....Q.'...............

Scoting..o.........................-........u.........-..

us‘n‘rs....O...............‘.l...l....'...‘.'....'....'0.......

DIscusslon............l..........................'..‘I.........

n!nn“czs.................‘.‘...........'."..l..l..’.........

Table

1,

LIST OF ILLUSTRATIONS

Attit“de Indic‘tor......l....".........".......l....
vettical S.Alpha.l...ii...l.......'0"...6............

score sheet..I......'l‘.l....O.......l....l.l'........

LIST OF TABLES

Means and Standard Deviations of Training Trials,
Transfer Trials, and Transfer Effectiveness Ratios....

Analysis of Variance on Transfer Effectiveness Ratios.

Page

NNSrwWw w

-4

12

[- - WV,




R e SIS

INTRODUCTION

Despite the growing number of studies that contribute to the
literature of flight simulation, studies which involve training criteria
as independent variables are a relative rarity (Nataupsky, Schwank,
Griggs, McKay & Schmidt, 1979; Nataupsky, Bermudez & Tirman, 1980). e
earlier demonstrated that the criterion level established for subjects
in training directly affected their later performance level on experi-
mental tasks. One result of these training carry-over effects is to
bias the research conclusions reached by the investigator. If carry-
over effects are not controlled, they become confounded with the effects
of the experimental variables and act to lower the internal validity of
the research (Campbell & Stanley, 1966). Training criterion effects are
therefore important factors for two related reasons. First, they directly ‘
influence the specific subject behaviors that will be tested in the
research design. Second, the conclusions of researchers are influenced

by what appear to be either more or less effective treatments, but which
are, in fact, spurious effects.

In our experience, training carry-over effects are frequently
overlooked by investigators in applied research and particularly in
flying training research. Perhaps the subject is given insufficient
attention because of the inherent problems in working out effective

A A v A

controls. For example, if subjects are given a fixed number of training
trials, there is the problem of the more able subjects becoming more
highly trained than the less able subjects, since they begin from dif- |
ferent ability levels. A fixed number of trials also presents a problem
wvhen subjects learn at different acquisition rates. On the other hand,
if subjects are trained to a fixed criterion level, there is the problem
that the subjects with lower initial capability and those with lower
acquisition rates receive more trials than the other subjects. Either

approach could result in under or over-estimating the treatmant effects,
depending on the ratio of high to low ability subjects. This prodlem is
particularly troublesome in flying training research, because the

e e e e e i e+ - —




typical small samples of subjects make it difficult to employ the
desired controls, such as blocking on ability. 1In addition, it is
difficult to assess initial ability.

One resolution of this problem 1s to train subjects to fixed
criteria, and adjust their performance scores to that of both controls
and their own initial acquisition rate to account for differences in

achieving the criteria. The Transfer Effectiveness Ratio (Payne, 1980;
Roscoe, 1971, 1972) incorporates this concept, and this ratio can be
used to determine the effectiveneass of the training task in preparing
subjects to later apply the training. In the present case, this ratio
provides an index of the relative strength of training carry-over
effects for the different training criterion levels. This ratio ac-
counts for both initial capabilities and acquisition rates.

Conceptually, the Transfer Effectiveness Ratio (TER) is an estimate
of how much in time or trials to complete the transfer task is saved by
the training task. For example, if the TER = .75, then one trial in
training saves .75 trials in the transfer task, The higher the ratio,
the more effective the transfer of training. The numbers take on added
significance when the training is in a simulator and the transfer task
is in an ailrcraft. Dollar savings can be projected from estimated costs
to operate both the simulator and the aircraft. The TER is usually

computed as follows:

Where: C = the control group mean for trials to criterion in the aircraft.
X = the experimental group mean for trials to criterion in the
aircraft,
gb- the experimental group mean for trials to training criterion
in the simulator,
In the present study:
C = control group mean for trials to criterion in the transfer task,
X = each subject's trials to criterion in the transfer task.

3;- each subject's trials to criterion in training.
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Focusing on the problem of training carry-over effects, we
wondered vhether or not training criteria influence performance in
transfer-of-training tasks in a manner similar to the way criteria
effect experimental task performance. This question is of interest
because there are many occasions in flying when the effect of prior
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learning on later application could be hazardous. The usual simulator
training is accomplished in "smooth" air; transfer is then made to an
aircraft in air with some turbulence.

Following our earlier study, we would expect to find a dependent
relationship between eventual outcomes in transfer performance and
training criterion levels. In our previous study, an average of 20
percent of the experimental variance could be accounted for through
training criterion effects., Estimated values of Omega squared were
used to estimate these effects. It appears that the TER can also be
used to estimate the strength of relationship between training
criterion and task performance. With the TER, it is possible to

directly measure the relationship using a transfer paradigm.

METHOD

Subjects

Thirty male senior cadets at the United States Air Force Academy
served as volunteer subjects. All subjects had completed a minimum of
15 flying hours in a T-41C aircraft (Cegssna 172). The median number
of hours was 25. Some cadets had had some experience in other light
aircraft. Each cadet was randomly assigned either to one of four
experimental or to one of two control groups.
Apparatus

A Link Group General Precisions Systems, Inc., General Aviation
Trainer 1 (GAT-1) was used to train all pilots to selected criterion
levels. The GAT-1 approximates the flight characteristics of the

T-41C. This same trainer, using the turbulent air mode, was used for
the transfer task,
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Procedure

Each subject participated in two sessions, each one lasting not
more then one hour. The first session was a training session and the
second was the transfer task session. After a review of the cockpit
instrumentation, a maneuver called the vertical S-alpha was described to
the subjects using diagrams (See Figs. 1 and 2) and a narrative ex-
planation. The cadets were told to alternately climb and descend at 80
oph (35.75 m/sec), 500 ft/min (2.54 m/sec), and to maintain a heading of
270 degrees during the entire maneuver., After establishing a baseline
altitude at 2000 ft (609.6m) the cadets were instructed to alternately
climb and descend 500 ft (152.4m) from the baseline altitude. All
subjects were told to fly as closely as they could to the desired
parameters. One-half of the subjects (Easy Criterion Group) met the
criterion when they completed three successive trials where they (a) kept
their heading within 10 degrees of the desired heading of 270 degrees, (b)
kept maximum and minimum altitude within 60 feet (18.3m), and (c) kept
the vertical velocity within 300 feet/min (1.52m/sec). The remaining
one-half (Difficult Criterion Group) reached the criterion when, for
three successive trials they kept within five degrees of the desired
heading, kept within forty (40) feet (12.2m) of maximum and minimum
altitude, and kept within 200 feet/min (1.02m/sec) of vertical velocity.
The cadets were thus grouped into either the Easy or Difficult training
criterion groups. All subjects from each of these two criterion groups
were assigned to ome of two transfer task conditions (Easy versus
Difficult). Half of the subjects experienced a change in criteria in
the transfer task. The transfer task incorporated turbulent air. In
this manner, four experimental groups were formed with five subjects in
each group. These four groups were as follows: Easy Criterion-Easy
Task (EE); Easy Criterion-Difficult Task(ED); Difficult Criterion-Easy
Task (DE); and Difficult Criterion-Difficult Task (DD). Two control
groups were formed, each consisting of five additional subjects. Ome
group performed under the easy criterion, and the other performed using
the difficult criterion. Both control groups received only the transfer

task.
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Data Collection
Data collection was accomplished unsing a hand scoring method to !
record instrument readings on a specially constructed scoring sheet (See
Fig. 3). Scoring was accomplished at selected portions of the vertical
S-alpha maneuver. All instructors participated in the development of

AT e M T T

the scoring sheet and had several practice sessions prior to the data

collection.

Scoring

There were five instructor pilots. Each of them recorded data from

O et g APy SRy 08, 1 .

one subject in each experimental and control group. Thus, the scoring
was counter-balanced across instructors and subjects. Variables scored
included altitude, heading, vertical velocity, and trials taken to reach
criterion during training and during the transfer task.

RESULTS

Table 1 presents the means and standard deviations of training
trials, transfer trials, and TER's which were derived from the trials
data. In computing the individual ratios for each subject, either the
Easy Control Group mean (9.2 trials) or the Difficult Control Group mean
(14.0 trials) was entered into the computation, as appropriate. Each
individual's trials score was thus adjusted to that of his appropriate
control group.
1 A 2x2 analysis of variance (Easy versus Difficult Training Cri- .
iterion) X (Easy versus Difficult Transfer Task Criterion) conducted on
the TER data yielded significant main effects for both training and

transfer (p <.02 and p <.04, respectively). This information is sum-

ummarized in Table 2.
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TABLE 1

Means and Standard Deviations of Training Trials, Transfer Trials, and
Transfer Effectiveness Ratios

Groups (ns=5) Trainin Transfer TER
% 7.6 8.0 JT
(4.77) (5.61) (1.13)
m 508 10.4 -.29
(4.21) (2.07) (.37)
DE 9.8 3.8 1.66
(6.61) (.84) (1.34)
DD 6.8 8.4 .99
(1.64) (1.57) (.59)
Easy Control -— 9.2 -—
Difficult Control -- 14.0 -—
TABLE 2

Analysis of Variance on Transfer Effectiveness Ratios

SOURCE DF . F )4
Training 1 5.312 6.437 .02
Traunsfer 1 4,232 5.128 .04
Training x Transfer 1 094 114
Residual 16 .825
19 1.202
DISCUSSION

Puig, Harris, and Ricard (1978) outlined a number of reasons to
account for recurring inconsistencies in study results, replications,
and interpretations with respect to the motion-no motion issue in
flight simulation. Among these reasons they listed insufficient
relationship of training objectives to criteria, and insufficient
transfer of learning to criterion. No doubt many factors contribute,
including hardware dependent factors. 1In the present study, we have
focused on training factors, and particularly on the relationship of.
training criterion to treatment effects and to criterion task psrformsnce.
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The main purpose of the present study was to investigate the
effect of training criterion levels on later performance in a complex
flight task. Because an earlier study had demonstrated that training
criterion levels affected later performance levels, it seemed reasonable
to expect similar carry-over effects to occur in transfer of training
situationg. Training criterion effects often get confounded with treat-
ments causing spurious treatment effects and wrongful comclusions about
treatments., It s;;ued possible that spurious effects might also surface
in later transfer performance, and we were interested in estimating
the extent of the influence. The TER was selected as the index to
estimate the effects since the TER expresses the influence of the train-
ing situation in terms of savings of time or trials in the transfer
situation. Additionally, when TER's are cowputed on an individual basis,
subject's scores are adjusted to ability l:vels through comparison of
subject mean scores to control group scores.

Based on the results of this study, ic seems reasonable to conclude
that the extent of influence of training criteria appears to depend as
much or more on the sequence of criterion difficulty (easy-difficult or
difficult-easy) than on the level of difficulty itself. This interpre-
tation 1is based on a comparison of the TER means. In cowparing these
means, it should be remembered that the higher the ratio, the more
effective the transfer, and, therefore, the greater the influence of
the training criterion level on the transfer situation. However, this
rule is true only in uncomplicated cases, e.g., as in the EE and DD
groups, for wvhom the training and transfer criteria were the same.

In complicated cases, e.g., as in the DE and ED groups, the situation
is not straightforward because the training and transfer criteria are
dissimilar,

It appears that both sequence and difficulty level produce large
training criterion effects. For example, the best TER was produced by
the DE group and the worst was by the ED group. The EE and DD group
means represent only the influence of difficulty since these two
groups ware free of sequence effects. On the other hand, the DE and

10
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ED group TER's reflect the combined influences of both sequence and
difficuley.

The present data suggest that both criterion levels and sequence
effects should be considered by the research worker in seriously
accounting for experimental variasnce. Estimsted omega squared values
for the training and transfer main effects are .23 and .19 respectively.
These values are consistent with findings in our previous study that
showed training criterion effects accounted for an average of 20 percent
of the varisnce. Consequently, it is likely that, to some extent, both
difficulty and sequence effects are involved in producing some of the
variance referred to by Puig et al (1978).
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